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I. RESEARCH OBJECTIVES

The overall objective of the work supported by the Air Force Office

of Scientific Research grant *POSR—7*—2685 has been to explore the basic

physical properties of spin polarized atomic vapors. These systems are

of considerable interest to the civilian and military sectors of our society

because they can be used to make very precise measurements of time,

absolute rotation rates, and electromagnetic fields. For example, the

U.S. t ime standard is the atomic cesium hyperfine frequency; very precise

atomic frequency standards are used in satellites and on earth for a wide

variety of uses. Optically pumped magnetometers are used by the oil and

mining industry for prospecting, by archaeologists for locating lost cities

and sunken treasure ships, and by the navy for location of submarines.

Optically pumped systems are currently being developed f o r  use as gyroscopes

which may have real advantages in terms of ruggedness and economy .

In spite of the widespread practical utility of these systems , there

is only limited research going on in related areas. There are no more than

a dozen active research groups world wide and most are in foreign countries,

includ ing several excellent laboratories in the Soviet bloc .
( ~-~~S

The goal -o-f ou--~ work i~nAer grant AFOSR—74—2-68S- has been to maintain

a center of excellence for the study of spin polarized atomic vapors, to

ensure that outstanding students are introduced to the field from time to

tim e and to coordinate our research activities with the needs of industrial

and government laboratories for critical information and the needs of the

university for high—quality basic research.
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II. ACCOMPLISHMENTS

Some of the most important accomplishments which have resulted from

work supported by grant AFOSR—74— .~h85 are listed below . While the main

thrust of our effort has been the study of spin—po !arli -d atomic vapors ,

accidental discoveries during the course of this work have led to severa l

new lines of research , ‘one of which are now receiving independent support

from other agencies. —

A. Spin Exchange in Alkali Vapors

Alkali vapors are one of the most important media for optically pumped

devices because of their long spin relaxation times and relatively high

vapor pressures. They are subjec t to a fundamental limit in density because

of alkali—alkali collisions. The major effect of such collisions is to

exchange the electron spins of the atoms while leaving the nuclear spins

unaffected. There may be additional weaker interactions , but there is no

unambiguous evidence for mechanisms other than spin exchange so far.

Since these spin exchange collisions limit the precision of opticall y

pumped devices we have devoted quite a bit of effort toward understanding

their consequences . One of our most significant accomplishments has been

the discovery of a curious spin exchange narrowing and shifting of magnetic

resonance lines. This occurs at very high spin exchange rates and thorefore

in very dense alkali vapors . Thus, we were led to the study of very dense

vapors by our interest in spin exchange. One consequence has been a number

of unexpected discoveries. For example , we accidentally discovered the

curious photocheinical reaction between optically excited alkali atoms and

hyd. ,gen gas which leads to the production of alkali hydride crystals in a

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _
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laser beam. This work has attracted conaiderable interest and has received

separate funding from the National Science Foundation. Our work on high

density vapors also led to the discovery of visible exciiner emission bands

from alkali noble gas excimera and this work has received separate funding

from the Army Research Office.

B. Properties of Excited Alkal i Atoms

To spin polarize an atom by optical pumping it is necessary to pump the

atom into an excited state from whence it decays by spontaneous radiation.

The evolution of the excited atom under the influence of hyperfine coupling,

collisional effects and external magnetic fields has a profound influence on

the optical pumping efficiency. We have devoted a certain fraction of our

tim e to the study of these excited—state properties , and we have greatly

inc reased the understand ing excited state hyperfine structure and relaxation.

This work has been published in a serjies of articles in the Physical Review,

the Physical Review Letters and other journals. Members of our research

group have given Invited papers on our findings in numerous international

sc len t if Ic conferences.

C. Magnetic Field Display of Radiofreguency Spectrum

We have developed a novel method to display the radiofrequency spectrum

of an unknown source by use of an optically pumped vapor in a magnetic field

gradient. Some interest has been expressed in using this device as a frequency

analyzer to replace much more elaborate conventional devices.

U. Attraction and Repulsion of Light Beams in an Atomic Vapor

We have discovered a curious interaction between light beams which is

mediated by the atoms of an optically pumped vapor . The pumped atoms fly 
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freely between laser beams and they transmit a force which can be positive

or negative, depending on the relative polarization of the beams. This work

has attrac ted widespread interest and we have given invited papers on the

subject at international. conferencts.

E. Optical Pumping of Atoms in Flames

We have demonstrated that it is possible to spin polarize sodium atoms

by optically pumping them in a flame at ordinary atmospheric pressure . One

curious result of this work is that the spin relaxation rates were found to

be minimum in the sooty reducing regions of the flame . This new probe

technique shows considerable promise for diagnostics of combustion processes .

L
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III. JOURNA L ARTICLES PUBLISHED

BENEF.N NOV F?IBER 1, 1973 AN)) FEBRUARY 28, 1979

K.  U .  
- 
Liac , R. Gupta , and W . Happer , ‘

~ Ieasur~ ment of H y p v r f l n e  S t r u c t u re  of
the 4 2 S1p State of Na23 by Cascade Radlo—Freqtiern y Spectrosocpy ,” Phys. Rev.
AS, 2811 (1973).

H. ~hipta , W. flapper , 1 . K. Lam , and S. Svanhcr g ,  “l lv p e r f in e— S t r u c t u i  - Measure-
m ents  of E x c i t e d  S States of the Stable Isotopes t ’f  P o t a s s i u m , R u b i d i u m , and

t’s~~urn by Cascade Radio—Frequency Spectrosopy , ” Ph y s .  Rev . AS , 2792 (1973) .

k . f lapper  and S . Svanberg , “Power—Series Anal ysis of Light Shifts in Opt i ca l
Pump ing Experiments ,” Phys. Rev . A9 , 508 ( 1 9 7 4 ) .

R.  Cup t a , W. Happer , C. Moe and W. r a rk , “N u c l e a r  M a g n e t i c  Resonance of D ia ton i c
Al~ ~lt Molecules in Optically Pumped Alkali Vapors ,” Phys. Rev . Letters 32,
~~3 (1974).

A. Tarn, C . Moe , %~~. Park , dud .. . flapper, “S t rong  New Eni I ss ion Ba nd s in Alkali—
~~ h ’ — t ; a~ Sys tems , ” lThvs .  Rev . L e t t e r s  35 , 85 (1975)

~ i • W. flapper , and R. Gupta , “}lyperf inc St rue turt ’ dnd L i  f e t  inc Me a surement  s
, t  the Second— Ext i t ed  P S ta tes  ot Rub id ium and Cesium Lv Cascade Fluorescence
S~u’etroscopy ,” Phy s .  Rev. A 12 , 736 (1975) .

Mapper , C. Moe , and A. C. Tam , “New Absorpt ion  Bauds Observed In the CsXe

~v s t em , ” Phy s .  L et t e r s , 54A , 405 ( 1 9 7 5 ) .

A . Tam , C. Moe . and W . i lapp er , “Pa r t i c  Ic Forma t Ion by  Resonant Laser Li ght In
Alk ali—m etal Vapor ,” Phys . Rev . Lett. IS , 1630 ( 1 9 7 5) .

A n d r e w  C. Tam , “Stepwise  E x c i t a t i o n  and Leve l—Cross ing  Sp eetr oscopy of the
I r i p l e t  D S t a t e s  of 1’e 1ius~~4 , ” Phy s .  Rev . A 12 . 539 (1975) .

A. C. Tam and W . Ilipper , “ Spe c t roscopv  of the  CsH (X~ Y~
’) S t a t e  by L a s e r — e x c i t e d

E1uor es~ ence , ” J .  Chem. Phys . 64 , ;~~S6 ( 1 9 7 6 ) .

\ .  C. Tam , C. Moe , B. R.  Bulos , and W . Happer , “Ex cimer  R a d i a t i o n  f r o m  Na —
fl,)t) l C - ~~j is and K—noble—gas  Molecu le s ,” Opt .  Coins . 1€ , 376 (l~~7 6 ) .

A.  C. Tam and W . f lapper , “Polar  l z . i t  ion of Laser —Ex c it ~~1 F lu or e s c e n t  l ines
rem 85 Rh 2 M o l e c u l e s , ” 3. Chem . P h y s .  64 , 43 17 ( 19 7 6 ) .

C. Moe , A. C. Tam , and W . flapper , “ Absorpt ion S tud ie s  of F.xt’tmer  Tr a n s i t  Ions
tn Cs—nob l e—g a s and Rh — n o b l e — g a s M o l e cu l e s , ” P hv s .  Rev . A~~ • -~~~~~~ ( l97~~

-A . . Tam and C. W. Moe , “Fin I s s ion  Band s re~ Dts char~ e Ext - i tea A lk a  I i — N o b !  i’—

a - , Systems ,” Phys .  Rev . .\ 14 . 528 (1 976)

A .  C. Tam and C. K. Au , “Pola r  I za t Ion Rev er s,i I of Ra v i  ci Ch Sc it  t cr  I ng N ear a
2 p 3 , .  1 12— 2 S 1 / 7  Resonance Doub let  ,“ (~ ‘ t C’s ( ‘cnn .  q . ~~~ ( )  7 - ~

--



-

- 

.--

~~~~~

--

~~~

-

~~~~~~~~~~~~~~~~~ 

--- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_

7

Andrew C. Tam, “Fine—structure Intervals In 11w ~ ~‘ and ‘t
3 1) S t . i t e i ;  t i  

3
1k , “

1. Phys. B: Atom . Molec . Phys . 9, L559 (1976).

A. C. Tam and W. Ilapper , “Long—Range Interactions between cv Self—Focused
I.aser Beams in an Atom ic Vapor ,” Phys. Rev . Letters 38 , 2/8 (1977).

A. C. Tam and W. Rapper , “Opticall y Pumped C e l l  f o r  Novel V i s i b le  Decay of
Inhomogeneou s Magnetic Cield or of RE Frequency S p e c t r u m ,” A p p l i e d  Phys .  L e t t.
JU . 580 ( 1 9 7 7 ) .

W. flapper and A. C. Tam , “Effec t of Rap id Spiti Ex c hange on the Magnetic—
Resonance Spectrum of Alkali Vapor s,” Phys. Rev . A 16, 1877 (1977).

W. Happer and A. C. Tam, “Long Range Interaction Between cv Laser Beams in an
Atomic Vapor ,” Laser Spectroscopy Ill Editors J. L. Hall and 3. L. Caristen ,
Springer Verlag, Berlin—Heidelberg,New York , 1977, p. 334.

( ‘ . Moe and K. hopper , “Conservation of Angular Momentum for Light Propagating
In a Transparen t Anisotrop ic Medium ,” 3. Phys. B: Atom. Molec . Phys. 10, 1191
(1977).

A. C. Tam and K .  flapper , “O s c i l l a t i n g  L a s e r — P r o d u c t i o n  of l’ar t iculates  in a
C s /D 2  V , .~ior ,“ (‘hem . Phys. Letters 49, 32 0 ( 19 7 7 ) .

S. M. Curry , W. f lapp er , A. (‘ . Tam , and T. ~‘a h t i z a k I , “Spin Polarization in
1-’ l u- ta Lv Opt teal Pump ing ,” Phys .  Rev . L et t .  ~U , 67 (1978).

A. C. ‘f,.. , “Absorp t ion  Band s in a Cslle Sys tem Assoc Iatt ’d  w i t h  Forb idd en  ( s
,\ ion ic  T r a n s i t i o n s ,” J .  Chem . Phys.  69 , 4753  (1978) .

A. lam , “O p t i ca l  Pump ing of a Dense Na+Iie-fN2 ‘ ,‘stem : Ap I l i c a t i o n  as an rf
Sr e ct r u m  Ana lyze r ,” J. App I . Phys. 50, 1171 (1979).
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1V . PAPERS PRESENTED AT SCI FNTI El (; ‘ONI l- R l• NCI-:S

R.  Gupta , “Measurement of A tomic  P a r am e t e r s  ci t h e  Opt lea  l i v  In a c c e s s ib l e
Sta tes  by Ca scade—Fluores cen ce ’  Spectrosc.ti v ,” I n v i t e d  l’ aper , Four th
Annua l  Meet ing of the Div Is Ion ot E l  cc tt’ s.’n and .\ tomlc P lays  Ic  s of t he
Amer Ican Phys ica l  Soc l et  v , St anford Rt ’ucai ’ch Inst i tut t ’, Menlo I’ark ,
Cal if orn i.i , Nov ember ~~ — P ct-:nher I • 19 12  • Ru 11 . Ant . M ay a . Sot - . I i
17 , 1127 ( 1 0 7 2 ) .

A . l’am , H. Tang , and K . flapper , ‘‘t~tren c hing 1-. t et t l I e  2 —~~ I . 1~~Iit on ,‘ Weak
He i) i st’h arge ,” T w e a a t v — F 1 f  th Annu al (0s-t ’tiS F I ect on h’s Me et  ing of the
American Physical Society , London , On tarI o, Canada , October 17—20 , 1972 ,
Bull. Am . Phys. Soc . II 18, 808 (1P 3).

(‘. Ta ! , R. Gupta , and K . flapp er , “Hvperf inc Structure of Ca - h 1 )  S t a t e  by
C a  seod c—F luor C SC eric ‘ Spec t rose op~ , “ .~n t ’r i t ’ .i n I I - Ic I S ~ let V ‘t( ’e t I r ig ,
New York , N ew York , J a n u a r y  29 — F’~~ b r u a i  ~ I , 10 ,• I , Ru 11 . Am. I ’hvs .  Soc
1! 18 , 121 (1973).

F. N. Lam , R .  Gu p t a , and K . f lapper , ‘‘ l lvp er t Inc  S t r u c t u r e ~ ot  the I- lrst Excited
S .a~ad I) States el Rb and Cs , ’’ Amer ican l’hvslca I Sec it- t v Meet inc ,
N e w  Y or k , N ew York , ,a ,aurt ,arv 29 — F - i ’ r a a . a r v  I • I 07 , IKa l I . Am. Phvs .  Soc
I I  18 , 12 1 ( 19 7 3 ) .

S. R. Svanher  ~‘, , I’ . Tsekcr is , and K . f lapp er . “Two—S I ep Op~ I ,t I Fxc I t a t  ion tO
Highly Excited S and 1) Levels ~in Alk al i At t~ss t o E  Ii\pe ’rt inc S t r u c t u r e
Stud les ,” Amer lean Physical Soc let v Meet  i u~ , Wa s h j U t ’ ton , I) . C. , A p r i l
2 3 — 2 6 , 197 1 , B u l l .  Am . Phvs . Soc . 11 18 , 611 ( 1 0 ” ; ) .

S. Svanberg , “Spectroscop \ of Hi g h ly  Exe ited l e ve l s  in A l k a l i  Atoms !.‘ a i ng
a ew Dye l , i s er , ” i n v i t e d  Paper , Laser Spectrosc’opv Ct’ulcrcncc , Vail .
Color ado , ,l une 2 5 — 2 9 , 1973 (Proceed lngs to he publ  i shed by Plenum
Press) .

R .  Gup ta , “Non—P Exc i t ed  S t a t e s  of the A l k a l i  A t t ~~s ,” In v i t e d  Paper , F i f t h
Annual Mee t ing of the Divis ion  of Electron and At o i u i i c  P h y s i c s , New
Haven , Connec t icut , December 10—12 . 19/ i , B u l l .  Am. Phys .  Soc . 11 ~$ ,
1499 ( 19 7 3 ) .

• W. Moe and W. h opper , “Magnet Lu C i r c u l a r  I) ic hro I r~u ~ I Pressure  Broadened
Abso rp t i on  Lines ,” Second In t e rna t ion a l Conference  on Spectral Lines,
Eugene , Oregon , August 26—30, 1974.

H . Gup ta , “H yp e r t  inc S t r u c t u re  of the  H i g h l y  E x c i t e d  S tat e s  of A l k a l i  Atom s ,”
IX In t e r na t i on a l C o n f e ren c e on the I’I tvs  i t ’s of El  e ct r o n i c  and Atomic
C o l l i s i o n s, t in i v c r st t v  ot Washington , Scat t i c , W a sh i n g t o n , Ju l y 2~~— 30 ,
1975.

H . Gupta , “Spec t roscopy of the Non—P Sb t i’s of Al  h a i l  . \t on s, ” :~ t t ~ia Ic
Spec troscopv Symposium , N a t i o n a l Bureau ‘t S tan d ar d s  * Gal thersharrC
M a r y l a n d , Sept ember 2 .3 — 2 6 , 1975.
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¶ W. Rapper , “Laser Snow: Particle Format ion  b y Resonant Lig ht ,” I X t h  Internat iona l
Conference on Quantum Electronic s, Amsterdam , The Netherland s, June 15,
1976.

R.  Gupta , “Hyper f ine  S t ruc tures  in the Excited Sta tes  of Alka l i—Meta l  Atom s, ”
Fourth Internationa l Conferenc e on H y p e r f in e  In terac t ions , Madison ,
New Jersey, June 13, 1977.

K. Rapper , “Long Range Interaction s Between CW Laser Beans,” Third Internationa l
Conference on Laser Spect roscopy,  Jackson , W yom ing , Ju ly 8 , 1977.

K. Rapper , “~ tats Atomique et Molecula ires Couples  a un Continuum ; Atones et
Mo1~cu1es Hautement Excites ,” Colloque Internationale du CNRS, France ,
June 11—17 , 1977.
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V. COLLOQU IA, S~24INARS AND LECTURES

PRESENTED BY PERSONNEL OF GRA NT AF O SR—74—268 5

K. Gu p t a , “Cascade—Fl uorescence Spectrosocpy on Opt ica l l y Inaccess ib le  Atomic
States ,” Colloquium , Department of Physics , Reading University,
Reading, E n g l a n d , February 14 , 1973 .

.~~. dapper , “H i g h ly  E x c i t e d  Alkal i Atoms ,” Semi nar , Departmen t of Physics ,
Texas A&M Un i v e r s i t y ,  College S t a t i o n , Texas , January ii , 1973;
C o l l o q u i u m , Depar tment  of Physics , R ice University , Houston , Texas,
January  12 , 1973; Semina r, Department of Phys ics. University of
California , Berkeley, California , February 28, 1973.

S. Svanberg , “O p t i c a l  Double—Resonance and Level—Crossing Experiments at
Chalmers U n i v e r s i ty  of Technology, Goteborg,  Sweden,” Seminar , Depart-
ment of Physics , New York Universit y , New York, New York, February 26,
1973.

S. Svanberg, “Hyperfine Structure Investigations of Excited Levels in Alkali
Atoms , ” Seminar , Dep a r t m e n t  of P hy s i c s , U n i v e r s i t y  of Connec t i cu t ,
Storrs , Connecticut , May 14, 1973.

R. Gup ta , “Cascade Fluorescence Spectroscopy ,” Semina r, Department of Physics,
Ci ty College of the CCNY , New York, New York, February 15, 1974.

K. Happer , “Miniature Magnetometers ,” Colloq uium , U. S. Naval  Ordnance
Laboratory , Washing ton, D.C., February 5, 1974.

K. Happe r , “Cold Spins in Hot Alkali Vapors ,” Colloquium , Department of
Ph ys ics , U n i v e r s i t y  of Connec t icu t , Storrs , Connec t icu t , March 15 ,
1974; Colloquium , University of Tennesse, Knoxville, Tennessee,
Apr i l  2 , 1974 .

A. Tim , “Stepwise Excitation and Level Crossing Spectroscopy of tire Triplet
I) S ta tes  of 4 He , ” Seminar , Depar tment  of Physics , Columb ia U n i v e r s i ty ,
New York , New York , January  31 , 1975.

A. C. Tam , “ In t e r a c t i o n  of Laser—beam w i t h  Dense Alkali Vapors—Recent
Development , ” Colloquium , U n i v e r s i ty  of South Carolina at  Columbia ,
Columbia , South Carolina , November 23 , 1976.

A. C. Tam , “Bouncing Laser Beams and Laser—Snow ,” Seminar , Brookhaven
National  Laboratory , Upton , New York , March 31, 1977.

A. C. Tam , “Bouncing Laser Beams and Glowing Laser—produced Plasma ,” Seminar ,
Bell Laboratories , Murray Hill , New Jersey , April 14, 1977,

R. Gupta, “Excited States of Alkali Atoms ,” Colloqu ium, Wesleyan University ,
Middletown , Connec t icu t , October 28, 1976; Colloquium , Kansas State
University, Manhattan , Kansas, February 22, 1977; Colloquium , Air Force
Institute of Technology, Wright—Patt erson Air Force Base, Ohio,
May 13 , 1977.
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‘d . P r pper , ‘‘ I a set Snow , ’’ Un v~- r t C a l i f  urn  i - i a t  S a n t a  )~.-r rha  ra , F € b r u a  rv
lb , 1~~7 7;  A l l  i~ - d l i t i r i c a l  ~~~~~ r~- ii Labs , M o r r i s t o w n , ~ew -~~~ r.-~~~-y , Ma rch
14 , 1 ) 7 7 ;  ~es 1t ’van  tir i l ver s i t ’ , A p r 1 1  7 , l~4 7 7 ;  H a r v a r d  l’ n l v e r s l t v ,
C e:ihr idge , Mas-;a h i r s ’ t  t s  , ~i~r v .~ , 197 /

~~ . h r ~~p~’r , ~ i~~h1’. E x c i t e d  .\ 1. ’y , i l  1 lm’rt -te - Lx irni- r s ,” A u s s o l s  F’rance ,
ufl . ’ 15 , 3 9 ’ 7  P a r i s  ‘~~‘s& r~~j ’ . ’r \ ’ , .! u f l &  10 , 1 9 7 7 .

\ .  . t~~ : , I.eng Ran ~& - I n t e r a c t  ~ofl H ’ t w ’ e r i  i a s~ - r  Heani s i n  in A t~~n i c Vap r , ’
o r d o n  ~- :;~-ar ~-h c ( n t e r c n ~ e ( A t ~ ,~~i -  Plo s~~- ’~) r~-ws ’  ‘ Ac~i di -n ~y ,

~~~ t - l i re  , ‘ ew H a m p s h i r e , .‘u l v  4 — s , l~~77 .

•\ .  C .  ~~, i m , ‘ P 1 s ~~i :‘r o d u c t  1~~n ~~i Cs Vapo r by a ~-e ; k LW La se r  h - arn at 601u A ,”
Gordon R& :;i-nrrh C o n f e r e n c e  (N o n l i n e a r  E f f e c t s  and L ase r s ) ,  Holderness

N~ w H a m p s h i r e , Augus t  15—19 , 1977 .

~~~, f l a p p e r , “H i~~}i 1’,- ~~ - ‘ i te d  A l k a l i — N o b l e  Gas F x c i m e r s , ” Meudon O b s e r v a t o ry ,
P ar i s , France , June  10 , 1977.

W . Haopc r , “l~ong Range In t e r a c t i o n s  Between cv Se l f—Focused  Laser Beams in
an Atomic Vapor ,” U n i v e r s i t y  of Rochest-r , Roches ter , New York ,
November 8, 1977; Thoma s J. Watson  IB M Research Cen te r , Yorktown
He i g b t s , N~-~- York , November 17 , 1977.

A .  C.  Tam , “Forces Between Laser Beams , ” Semina r , Columbia  R a d i a t i o n  L a b o rat o r y ,
~~~~

-
~~

- York , New York , June , 1977;  C o l l o q u i u m , C o l u m b i a  U n i v e r s it y ,
N~-~ York , New York , November , 1977;  Seminar , New York  U n i v e r s i ty ,
Ne w York , New York , December , 197 7.

A. C.  Tam , “Di sp l ay—Magne tome te r s  and Spec t rometers , ” Seminar , Massachuset ts
I n s t i t u t e  of Technology, Cambridge , Massachusett s, Oc tober 1977;
Seminar , U n i v e r s i t y  of Massachusetts, Amherst , Massachusetts, November ,
l 9 77 .

S. M. Curry, “[‘:citation Transfer Reactions in Laser—Excited Cesium Vapor ,”
Seminar , U n i v e r s i t y  of C o n n e c t i c ut , S tor r s . Connec t i cu t , March 6 , 1978 .

S. M . C u r r y ,  “Laser—Induced  Plasma F~ rm at ion  in Ces ium Vapor :  An Atomic  Chain
Reac tion ,” Colloquium , Univ ersity of Arkansas , Fayettesville , Arkansas,
March 24, 1978.

K . lL~~-pe r , “Laser Photochemis t ry  of A l k a l i  Var -or Hvdr og eu S -s t em , ’ Seminar ,
Exxon Research LaboratorIes , December 21 , 1978.

K. f lapper , “ l -as~ r Snow , ” Depar tment  of Physics , Texas A & M U n i v e r s i t y ,
Octoher 19, 1978; Department  of Physics , Un ive r s i t y  of Texas a t  Dali- is ,

• February 1, 1979; JILA Colloquium , U n i v e r s i t y  of Colorado , March 8 ,
1979. 
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Many excellent young s c i en t i s t s  have received the i r  t r a i n i n g  wi th

suppor t  f r o m  Gr a n t  AFOSR—74—2685 a t  Columbia .  They are now c o n t i n u i n g  to

c i u r t r i b u t e  to the t echno log ica l  ha s - c  of the  U n i t e d  S t a te s  in  gov ”rn men L ,

I n d u s t r y  and the un ive r s i t i e s. Senio r research  s t a f f  and g r a d u a t e  s t u d e n t s

are l i s ted below.

Senior_ Research_Staff

W. Happer (principal Investigator at Columbia University).

R.  Gup ta  (now it University of Arkansas; spent one year at Wright Patterson
Avionics  Labora tory  as exchange s cie n t i s t  f r o m  C o l um b i a ) .

S. Svanberg (now at Chalmers University in Sweden).

C. Mie (now at Riverside Research Institute in Manhattan).

A. Tam (now at Bell Telephone Labora tories in Murray Hill , New -J e r s e y ) .

S. H. Curry (now in electronics research in T)allas , Texas).

1. Yabuzaki (now at Kyoto University, Japan).

N. Rhaskar (now at Columbia University).

Gradua te  S t u d e n t s

L. Lam P h . D .  1973; now at University of Southern California .

J. Farley Ph.D. 1974; now at University of Arizona .

K. Liao Ph.D.  1974; now at Xerox Corporation.

C. Taf , P h . D .  1974; now at University of Briti sh C~- Jii ” hi :i .

A. ‘ram , Ph.D. 1974; now at Bell Telep hone Lahor ,-i r o r i~ - .

-‘ P. TsekerIs P h . D .  1974; now a t  T c y r n n i n a  U n i v e r s i t y  in  ( - I c . ’ ’ .~~.

W. Park P h . D .  1978; now a t  Plasma P hy s i c s  Lj h o r a t or v , Prin ce ton , New I t ’r sev .

t’f. lion Student at Columbia University .
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VII. INTERAC t’ IONS OP RFSFARCII STAFF

WITH Till’. S C i E N T I F I C  ANt) TF,CHNOI.OC I CM . COMMUNiTY

Personnel Involved in Gr a t i  t AFi~SR— 74—268~ have had many fm i m i  I titer—

t c  t b its w i t h  o t her p rog ram s  o I tot eros t to t h e  A i r En re’ o . Pr . Li per serves

a a a con sult ant to severa l rese.e rub groups i i t  I ntltis I r V w h i c h  a e work l u g  ( lit

opt  j u t  l i v  pump ed gyroscopes w i t h  \ ir  Fe rce or i n te r n a l support . l i

contributed to the work on the mercury gyroscope at Kearfott Singer , to  the

work on t he x en o n — k r y p t o n  gyroscope  a t  1,1 t ton I ndu~~t r I us , and o t t i t ’  work

e .t ni&’i’ cu t y  gv t’o scopes at B e n d ix .  t i e has a l so  adv I sod tic A l  r Force and o I i i  or

p at - t s o t h e  Depa r tmen t  of Defense through his work in t he con sti  I t I ng gr o up

,IAS )N. lie has at so been q i t i  t e close lv invo 1 veil w i t h  n o n a c o c i s t  I c  s ubmar ine

det ect ion for the Navy . A l l  of this work has l a ’n c f l t t c d  f r o m  t h e  resea t eh

supported by Gr an t AFOSR—74—2b85 at Columbia .

l)r. Gu p t a  spent  a yea r a t  the  Av ion ic s  I.a b nr a t or y  at W r i gh t  Pat terson

Air Force Base.’ I n  1977 .  He was abl e ’  to . p p l v some of the  s k i l l s  he acqu i r ed

,I t i, . oI  umi- La to  stud i es of combus t Ion in .11 FC raft engines .

Pr .  Moe.’ h a s ~o 1ned t h e  R iver s ide  Research  In s t i t u t e  where  he Is working

o,e su b m ar i n e ’  det ec t ion under  cont rac t to the  Navy . He has made good use of

experienc e he g i  I ned a t  Columbia .

Dr. Tam is a member of the technical staff at Bell l’elephone Laboratories

where he’ is va Itied h Iglil v as an unusually imagina t ive y oung scientist.
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